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ABSTRACT 



Context. There is strong evidence that globular cluster systems (GCSs) of massive galaxies are largely assembled by 
infall/accretion processes. Therefore, we expect the GCSs of isolated elliptical galaxies to be poor. Although not 
completely isolated, NGC 7507 is a massive field elliptical galaxy with an apparently very low dark matter content. 
Aims. We determine the richness, the colour distribution, and the structural properties of the CCS of NGC 7507. 
Methods. We perform wide-field Washington photometry with data obtained with the MOSAIC II camera at the 
4m-Blanco telescope, CTIO. 

Results. The GCS is very poor with Sn ~ 0.6. We identify three subpopulations with peaks at (C — Tl) colours of 1.21, 
1.42, and 1.72. The bluest population may represent the old, metal-poor component. This interpretation is supported 
by its shallow density profile. The red population is more concentrated, resembling the galaxy light. The intermediate- 
colour population is strongly peaked in colour and we interpret this population as the signature of a starburst, whose 
age depends on the metallicity, but should be quite old, since no signatures of a merger are identifiable. In addition, 
we find a main sequence in the stellar foreground population, which we attribute to the Sagittarius dwarf tidal stream. 
Conclusions. The extrordinarily poor GCS of NGC 7507, a massive elliptical galaxy, is an illustration of how important 
the environmental conditions are for producing rich GCSs. 

Key words. Galaxies: elliptical and lenticular, cD - Galaxies: individual: NGC 7507 - Galaxies: star clusters 
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m : 

Elliptical galaxies are predominantly found in groups and 
clusters of galaxies. Isolated elliptical galaxies, on the 
other hand, are rare and, therefore, mostly distant. The 
term "isolated elliptic als" goes back to photographic times 
(|Karachentseval[i973T ). when elliptical galaxies were under- 
stood as being featureless , with faint features not easily vis- 
ible. Recently, iTal et alj l|2009ft showed that the majority 
of isolated ellipticals in their sample showed tidal features, 
which could indicate previous merger activity. 

Ellipticals in clusters have accreted a significan t part of 
their material since z =2 (jvan Dokkum et atll2010h . see also 
I Jimenez et al.l (|2011l ) . The possibility of accreting material 
is plausibly weaker for isolated galaxies, so this could consti- 
tute a major difference between isolated elliptical galaxies 
and ellipticals in clusters, a nd could be m anifest in their 
globular cluster systems fsee lRichtlerll2012l for a recent re- 
view). Not much is known about globular cluster systems 
(GCSs) of isolated elliptical galaxies. That the richness of 
a GCS is relat ed to its loca l galaxy density, is, however, not 
a new insight (| Westl fl993T ) . A compilation of GCS proper- 
ties, inclu ding the environmen tal density of host galaxies, 
is given bv lSpftler et alJ (|2008h . The few isolated ellipticals 



appearing in that study have relatively low S^r-values Q. 
Also recent work on the isolated ellipti cals NGC 5812 an d 
NGC 3585 reveal very low S^r-values (|Lane 1TID[2oT2T i. 
However, this is not always the case as the sample o f galax- 
ies in low-density environments by (|Cho et al.ll2012f ) shows. 
In this context, NGC 7507 is a particularly interesting ob- 
ject. Its morphology is that of a "real" elliptical galaxy (E0) 
without clear signs of tidal distortions. Dark matter is not 
neces sarily required to explain its kinematics (|Salinas et al.l 
l2012f ). however, some dark matter may be present, in con- 
junction with a radial anisotropy of stellar orbits. Even 
in the case where some dark matter exists, the total dark 
matter content is m uch lower than ex pected for an elliptical 
galaxy of this mass (jNiemi et al.ll2010D . NGC 7507 has a spi- 
ral galaxy companion (NGC 7513) at a projected distance 
of 18', and is, therefore, not truly isolated. Here we investi- 
gate its globular cluster system using wide-field Washington 
photometry. This photometric system has proven particu- 
larly useful for investi ga tions of GCS in num e rous s tudies 
(|Bassino et alJ l2006al lbl: [Dirsch et al.l [2003al Jbl. r2005h . We 
adopt a distance of 23.2 Mpc (m-M=31.83). At this dis- 



1 The specific frequency Sn is defined as Sn = Ngc x 
1 q0.4(m v +15) ) Ngc toting the total number of globular clus- 
ters of a GC system and Mv the absolute magnitude of the host 
galaxy. 



Article number, page 1 of[9] 



tance, l"corresponds to 112.5 pc, and the absolute magni- 
tude within projected 50 kpc is Mr = —22.64 according to 
the photometric model of ISalinas et al.l (|2012h , correspond- 
ing to a stellar mass of 2 x 10 11 Mq. 

2. Observations and Reductions 
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Fig. 1. Our MOSAIC II field around NGC 7507, overlaid 
onto a DSS image. The field is 36' x 36'. North is up, east 
to the left. The companion galaxy NGC 7513 is seen toward 
the north-east. The eight individual CCDs of the MOSAIC II 
camera are indicated. The chip #3 is identified by a double line. 



The observations were performed with the MOSAIC II 
camera (8 CCDs mosaic imager, 16 amplifiers) mounted 
at the prime focus of the 4-m Blanco telescope at the 
Cerro Tololo Inter- American Observatory (CTIO, Chile), 
during 2005 August 5-6. One pixel of the MO- 
SAIC wide-field camera subtends 0.27arcsec on the sky 
(http://www.ctio.noao.edu/mosaic), which corresponds to 
a field of 36 x 36 arcmin 2 or approximately 230 kpc x 230 kpc 
at the adopted distance of NG C 7507. The detail s of the 
observations have been given in I Salinas et al.l (|2012h . where 
some of these images were used. 

The field is shown in Figure [T] and was observed with 
Kron-Cousins R and Washington C filters. We sele cted the 
R filt er instead of the original Washington T\ as iGeislerl 
(|1996f ) has shown th at the Kron-Cousins R filter is more 
efficient than T\ (see ISalinas et al.l 120121 for a more thor- 
ough explanation). After the calibration, C and R instru- 
mental magnitudes were transformed directly into C and 
T\ standard magnitudes. 

The data were dithered to fill in the gaps between the 
eight individual MOSAIC chips (see Figure[T]to identify the 
location of the different chips on the field). Originally, four 
images in R with exposure times of 720 s each, and seven 
images in C with exposures of 1800 s each were obtained 
(shorter exposures of 60 s in R and of 300 s in C were also 
obtained to avoid saturation at the galaxy core). However, 



according to CTIO reports, the first night was "useful" and 
only the second one was "photometric". In order to improve 
the photometry, the calibration has been revised for the 
present paper. Also, to obtain the final combined images, 
we will use all of the long exposure R images, but just five 
out of the seven C ones, i.e. those observed in the second 
night with better seeing. 

The tasks in the MSCRED package within IRAF were 
applied to reduce the MOSAIC data, following some of the 
guides given at http://iraf.noao.edu/projects/ccdmosaic/. 
Due to the large field of the MOSAIC images, the pixel 
scale across the CCDs is variable. As a consequence, the 
brightness of point sources may differ up to 4% between 
image centre and corners. The MSCRED package contains 
tasks to correct for this effect. For instance, the MSCC- 
MATCH task uses a reference celestial catalogue (an astro- 
metric catalog) to correct for any difference between the 
reference coordinates and the observed ones, i.e. updates 
the world coordinate system (WCS) of the image to the 
WCS of the reference system. In a later stage, the MSCI- 
MATCH task takes into account any possible differences in 
the intensity scale between the chips, homogenizing them 
according to the intensities of a reference image. The fi- 
nal combined R image resulted with remaining sensitivity 
variations up to 1.4%, and the final C image up to 3.0%, 
calculated from peak-to-peak over the whole images. In 
these final images, the seeing is 1.1" and 1.3" in the R and 
C frames, respectively. 

The chip #3 (Fig.[T]) caused problems during the final 
stacking of the images, performed with the MSCSTACK 
task. Those regions where chip ^3 overlapped with other 
CCDs, by the dithering procedure, caused multiple images 
to be created. Masking out the respective part of chip #3 
solved the problem, but introduced some inhomogeneity. 



3. Photometry 

In order to facilitate point source detection, the extended 
galaxy light was subtracted using a ring median filter 
(|Seckedfl995h . with an inner radius of 8.0" and an outer 
radius of 9.3". These values were selected according to 
our previous experience with MOSAIC images (e.g. Dirsch 
et al. I2003al l1j) . and it was checked that the median filter 
had not affected the point source photometry. An initial 
selection of point sources was obtai ned with the software 
SExtractor (|Bertin fc Arnoutill996f ). using a gaussian fil- 
ter on the C image. We considered every group of at least 
five connected pixels above a threshold of 1.5er as a positive 
detection (DETECT_MINAREA and DETECT_TRESH 
parameters, respectively). Effective ra dii of classic al GCs 
do not usually exceed a few parsecs (e.g. [Harris 2009), which 
implies that, at the distance to NGC 7507, GCs are seen 
as point-sources on MOSAIC II images. To select point 
sources we used the star/galaxy classifier from SExtrac- 
tor, through the CLASS_STAR parameter, that takes val- 
ues close to one for point-sources and close to zero for ex- 
tended sources. All objects with CLASS_STAR< 0.4 were 
rejected and about 14000 point-sources were detected on 
the whole MOSAIC field. 

The photometry was performed using Daophot /IRAF in 
the usual manner. A second-order variable PSF was built 
for each final R and C image, employing about one hun- 
dred bright stars well distributed over the field. The final 



Article number, page 2 of[9] 



J. P. Caso et. al.: The paucity of globular clusters around the field elliptical NGC 7507 



1 

1 - 

■ 1 ' ' 


1 

1 . .. '"' 

.r ■ " ' : ■ 


00 


1 1 . 

1 ' 1 


; I • 






. T 1 


J 


i 




" 1 1 


v 1 -'-- 
1 - 

"t : 


* ' - ' 


o 

<M 




■ ¥ "■• 

■ & v :• 

' . & ■ 


' * o ... •' 
I ■ 

- v . :r . 

• f* Vv 
•• ■>.<.**.. 


CVJ 
CVJ 


-'. 1 

■■' • . 1 
i 1 

-.i-:- i: • 'V. 

. /•l.;y'. .' 1 .V.'. 


■ 


'.):: 




. ''si'- -' : 1 • ' 




•'.I./;'" 








1"' 

• : *| 

1 


^J- 

CVJ 


. \ l.f.-l y * .. f 



1 



1 



(C-TOo 



(C-L) 



o 



Fig. 2. Colour-magnitude diagram for the point sources in the 
MOSAIC II field. The left panel shows the entire field, while the 
right panel shows only those objects closer than 7' to the center 
of NGC 7507. The red dashed lines indicate the colour range for 
old GCs. It is clear that the GCS is quite poor. Striking is the 
main sequence feature which probably belongs to the Sagittarius 
stream. See the Appendix for further discussion. 



3.1. Completeness estimation 

In order to estimate the completeness of our final sample, 
we added to each final R and C image 1000 artificial stars, 
equally distributed over the field, covering the magnitude 
and colour intervals expected for GCs. This process was 
repeated 10 times, reaching a total sample of 10000 artificial 
stars. The photometry of these new images was done in the 
same way as the original one. 

Table 1. Completeness up to 7' from the NGC 7507 centre 





Completeness 


[mag] 


% 


19.5-20.0 


0.95 


20.0- 20.5 


0.92 


20.5 - 21.0 


0.92 


21.0-21.5 


0.85 


21.5 - 22.0 


0.81 


22.0- 22.5 


0.76 


22.5 - 23.0 


0.64 


23.0- 23.5 


0.62 


23.5 - 24.0 


0.58 


24.0- 24.5 


0.30 



The completeness function around the galaxy indicates 
that the 75% completeness is achieved at T\ w 22.3, and 
the 40% at T x ~ 24. We adopt 7\ = 24 as our magnitude 
limit. In Table[T]we indicate the completeness for bins of 
0.5 mag. 



point source selection was based on the \ an d sharpness 
parameters from the ALLSTAR task. 

As st ated above, the calibration performe d by Sali- 
nas et al. (|2012h has been improved for the present pa- 
per. Three fie lds of standard stars selected from the list of 
IGeislerl 0996) were used to derive the photometric calibra- 
tion. The revised set of calibration equation s (only C differs 
from the those used by Sali nas et al.ll2012i ) is as follows: 

Ti = i? ins t + (0.89 ± 0.01) - (0.23 ± 0.01)X R 

+ (0.016 ±0.003)(C-Ti), 
C = Cinst + (1.54 ±0.01) - (0.66 ±0.01)A C 

+ (0.103 ±0.003)(C-Ti) 

where i?i ns t and Ci ns t are the instrumental magnitudes and 
and Xc are the airmasses, respectively. 

The aperture corrections and their corresponding er- 
rors, computed from the stars used to build each PSF, 
are -0.33 ± 0.02 and -0.32 ± 0.02 for the C and R pho- 
tometry, respec tively. The (B — V) r eddening was calcu- 
lated from the ISchlegel et al.l (|1998f ) maps. The colour 
excess in Washington phot ometric system was adopt ed as 
E^c-t^ = 1-97 x E( B _v) (jHarris fc Canternal [19771 ) and 
for the Ti absorption we used the relation Ar/Av = 0.75 
(|Rieke fc Lebofsky||1985[ ). Thus, the foreground reddening 
and absorption corrections applied were Erc-Tx) — 0.09 
and Ati = 0.12, respectively. 



4. The globular cluster system 

4.1. Selection of globular cluster candidates 

We selected as GC candidates those point-sources with 
1 < (C-Ti)o < 2.3 and T lfi > 20. This colour range corre- 
sponds to the entire metallicity range for old clusters and is 
similar to that used in the literature for previous Washing- 
ton photometric studies of GCs /e.g. iBassino et al. 2006a; 
iDirsch et al.1l2003bl ; iGeisler et al]|1996l ; lRichtler et alJl20lW . 
Figure [2] shows the colour-magnitude diagram (CMD) for 
all point sources in the entire field (left panel) and for point 
sources closer than 7' to the galaxy center (right panel). We 
expect the universal turn-over-magnitude of old cluster sys- 
tems at about m# ~ 24.4 (see Sect l4.5[) . It is clear that this 
is not a rich GCS. Red dashed lines indicate the (C — T\)o 
range for the GC candidates. The left panel does not show 
anything of a GCS and even for the radius selected sample, 
the existence of a GCS is not obvious. 

A striking feature of the CMD is the vertical sequence 
of objects bluer than (C — T\)o = 1. The distribution of 
these point sources turns out to be uniform over the field. 

These sources are accounted for in the general back- 
ground subtraction. The adopted background region is 
w 12' away from NGC 7507, and its area is almost 
700arcmin 2 . That is, the background is far from the pro- 
jected GCS. In the Appendix, we show that this "strip" is 
probably a main sequence of a population belo nging to the 
tidal stream of the Sagittarius dwarf galaxy (|Ibata et alj 
I1994T I. 
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Fig. 3. Background corrected colour distribution for GC 
candidates in the radial regime 0.5' < R < 7' . A sum of three 
gaussians has been fitted and is plotted as solid black lines, while 
each individual gaussian is plotted as dashed lines. We interpret 
the sharp peak at (C — Ti) = 1.4 as the signature of a starburst. 



4.2. Colour distribution 

Figure [3] shows the background-corrected colour distribu- 
tion for GC candidates brighter than T\ = 24 in the radial 
regime 0.5' < R < 7' (raw and background counts are listed 
in Table[5]). The outer radial limit is argued for in Section 
14.31 the inner limit avoids strong incompleteness due to the 
galaxy brightness. The bin width is 0.05. 

The main observation from Figure [3J is that the GC 
colour distribution differs significantly from the "normal" 
distributions of GCs in giant elliptical galaxies. Most strik- 
ing is the sharp peak in the colour range (C — Xi)o ~ 
1.40- 1.45. 

We fit the colour distribution by a sum of three gaus- 
sians and obtain as mean peak colours (C — Ti)o = 1.21 ± 
0.02, (C - Ti) = 1.42 ± 0.02 and (C - T x ) = 1.72 ± 0.04, 
respectively. Comparing these values with th ose avail- 
able in the literature 



le^. 



Bassin o et alj l2006allbr Dirsch 
et al. l2003aT l. the colour of the redder gaussian is typical 
of metal-rich GC populations. On the other hand, metal- 
poor GC populations usually present peak colours in the 
range 1.25 < (C — T\)o < 1.36, slightly redder than that 
of the blue population in NGC 7507. However, in Fig- 
ure [3] the blue GC candidate distribution seems to be con- 
fined to (C — Ti)o > 1, which is expected for old GCs. 
The dispersion for the bluest and reddest gaussians are, 
a B = 0.08 ± 0.01 and <t r = 0.20 ± 0.06, respectively, which 
are comparable to the values found in other galaxies. Re- 
markable is the dispersion of the intermediate-colour peak. 
Its dispersion has an upper limit of 0.025 mag. This is of 
the order of the photometric uncertainty and the intrinsic 
dispersion is, therefore, likely even smaller. 

The authors are aware of only one other example of an 
intermediate-age starburst being visible in the colour distri- 
bution of a GCS, that associated with NGC 1316 (Richtlcr 
et al. 120121 ). Figure 2 bv lRichtlerl (|2012f ) shows that spectro- 
scopically confirmed intermediate-age GCs from NGC 1316 
are found in a very tight (C — Ti)o range in the CMD. 

Thus, we have the three GC groups 1 < (C — T\)o < 
1.35, 1.37 < (C - Ti) < 1.47 and 1.47 < (C - Ti) < 2.2 
which we label as "blue", "intermediate" and "red" samples, 
respectively. Once the background has been subtracted, 



Table 2. The first column indicates the bins in which the colour 
range was divided. The second column shows the raw counts for 
the colour distribution of GC candidates in the radial regime 
0.5' < R < 7'. The third one shows the background counts, 
normalized with the ratio between the areas of the science and 
background regions. 
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each group represents 41, 20 and 39%, of the total num- 
ber of GC candidates, respectively. The appearance of the 
colour distribution does not depend strongly on the width 
of the colour bins. It does depend on the brightness in the 
sense that the red clusters are mainly faint clusters which 
supports the interpretation that the younger and brighter 
clusters are found among the blue objects. 

Figure 3] compares the mean colours of the three 
groups with theoretica l mod els of single stellar popula- 
tions by iBressan et al.l (120121 ). using their web-based tool 
(http://stev.oapd.inaf.it/cgi-bin/cmd). The models are 
plotted for five different metallicities (filled points), span- 
ning a wide range. Blue, violet and red solid lines indicate 
the mean colours of the "blue", "intermediate" and "red" 
populations, respectively, while dashed lines indicate their 
dispersions. If the age estimation for NGC 7507 itself by 
iSalinas et al.l (|2012l ) is adopted (i.e. 8-10 Gyr), the metal- 
licities of the "blue" and "red" samples are consistent with 
those o f metal-poor and metal-rich old GCs (e.g. Brodie & 
StraderHobeJ). 

If the GCs from the intermediate sample have solar 
metallicity, FigU] indicates an age of about 2-3 Gyr. How- 
ever, a significant field population of this age does not seem 
to be present (see the Discussion for further remarks). 
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± *Z-0.25Z. 



Log Age [year] 

Fig. 4. Theoreti cal models of single stellar populations by 
iBressan et al.l (2012) for five different metallicities (filled sym- 
bols). Blue, violet and red solid lines indicate the mean colours 
of the three GC groups, while dashed lines indicate their disper- 
sions. 



4.3. Projected spatial and radial distributions 

Figure [5] shows the projected spatial distribution of GC 
candidates in the radial regime 0.5' < R < 7', separated by 
the three different colour intervals denned previously. The 
circles in each panel represent the limits of the chosen ra- 
dial regime. Comparing the distribution of the blue (left 
panel) and red sample (right panel), the latter seems to be 
slightly more concentrated towards the galaxy center. This 
is consistent with the usual radial behaviour of metal-poor 
and metal-rich GCs in elliptical galaxies. The spatial distri- 
bution of the intermediate sample (middle panel) seems to 
prefer smaller radii than the blue sample and one might also 
see a slight preference for the east-west direction, which, 
however, is weakly denned. 

The projected radial distribution of the GC candidates 
are shown in Figure[S] Panel (a) shows the raw distribution 
for all GC candidates (open circles), and the background 
corrected distributions for the complete colour range (filled 
black circles) as well as for the "blue" (blue squares) and 
"red" (red triangles) samples. The horizontal dashed line 
indicates the background level, while the dotted line refers 
to 30% of the background level. We propose this limit to de- 
fine the GCS extension. The dash-dotted line corresponds 
to 30% of the background level in the colour ranges of the 
"blue" and "red" samples. 

We estimate the extension of the NGC 7507 GCS to 
approximately 7' (i.e. 47.25 kpc). It is not possible to fit 
a uniform power-law to the distribution of the blue sam- 
ple because of the two deviating innermost points. These 
counts cannot be low due to completeness, because the red 
clusters should have been at least equally affected. In the 
radial range 1.5'-5' the logarithmic density slopes of the 
blue and the red sample are indistinguishable. Their values 
are —2.4 ± 0.15 and —2.5 ± 0.2, respectively. 

In the lower panel we compare the radial distributions 
of the blue and red samples with the light profile of NGC 
7507, which is the Hubble-Rcvnolds profile given by Sali- 
nas et al. (|2012[ ). An arbitrary scaling has been applied 
for comparison purposes. All slopes are similar, but the 
deficiency of blue clusters at small radii is striking. 

The small size of the "intermediate" sample prohibits 
obtaining a radial density profile. Instead, we statistically 
subtract the background contribution in the three samples. 
For this purpose, we introduce 7 annuli with a width of 




10 



r [arcmin] 




10 



r [arcmin] 



Fig. 6. Upper panel : Raw radial distribution for all the 
GC candidates (open circles). Background corrected distribu- 
tions for GC candidates with 1 < (C - Ti) < 2.3 (filled black 
circles), and for the blue (blue squares) and red (red triangles) 
samples. The solid lines represent power-laws (see text) for the 
respective samples corresponding by colour. The dashed line in- 
dicates the background level, while the dotted one refers to the 
30 % of the background level. The dash-dotted line is the 30 % 
of the background level for the "blue" and "red" samples, which 
are indistinguishable. Lower panel: Da shed line indi c ates t he 
Hubble-Reynolds profile of NGC 7507 bv lSalinas et"afl (|2012f) . 



1' each to cover the full radial range. From each we erase 
random background objects according to the background 
density. The mean distance of objects to the galaxy cen- 
ter was then obtained for each sample. This procedure was 
repeated one hundred times. Finally, the average of the 
mean distances and their errors were 3.3 ± 0.2', 2.8 ± 0.3' 
and 2.6 ±0.2' for the blue, intermediate and red sample, re- 
spectively. A K olmogorov-Smirnov test (Kolmogorov 1933; 
ISmirnovl 119481 ) was used to compare the radial distribu- 
tion of the clean "intermediate" sample with the others for 
each iteration. In all cases, the probability that blue and 
intermediate samples could be described by the same distri- 
bution is almost null. A similar result was obtained when 
blue and red samples were compared. For the comparison 
between the intermediate and red samples, a 50% of prob- 
ability was obtained. 



4.4. Dust in NGC 7507 

Mor phologically, NGC 7507 has, except for a central dust 
lane |Sparks et al. 1985), a smooth appearance without ob- 
vious shells or tidal structures (the feature reported by Tal 
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.1 <(C-T 1 ) <1.37 



1.37 <(C-T 1 ) < 1.47 



1.47<(C-T 1 ) t)l <2 



Fig. 5, 

panel refer 
to the left. 



Projected spatial distribution of GC candidates, separated in three different colour bins. The circles plotted in each 
to the selected radial regime for the analysis (i.e. 0.5' < R < 7'). Each figure spans f5.75' x 15.75'. North is up, east 



et al. 2009 had not been confirmed bv lSalinas et al.l l2012). 
Salinas e t al.l (|2012f ) showed the central dust structures in 
the colour map in short exposure images. The colours are 
too red to resemble a stellar population and are plausibly 
caused by reddening. Here we describe our long exposure 
colour map, which shows that there is also dust distributed 
on a larger scale. 

Figure [7] displays a 4' x 4' NGC 7507 colour map. The 
colour palette spans the range 1.85 < (C — Ti)o < 2.2. 
It is clear that the colour distribution is not radially sym- 
metric. The redder parts, which plausibly are caused by 
reddening due to dust, extend to about 1' (6.7 kpc) to the 
south-west. The existence of dust in an otherwise morpho- 
logically undisturbed galaxy could be evidence of a past 
merger and is perhaps related to the existence of the in- 
termediate population of GCs. See the discussion for more 
remarks. 



4.5. Total numbers and specific frequency 

In this Section we estimate the number of members for the 
NGC 7507 GCS and its specific frequency Sn- For the ra- 
dial interval 0.5' < R < 7', we count the background cor- 
rected objects in bins of 0.5 mag, down to T\ — 24 mag, 
which is our 40% completeness limit. To correct this for 
the missing central region we adopt for the innermost 0.5' 
the same surface density as for the first bin, resulting in 
a correction of 5 objects (i.e., » 4% of the 0.5' < R < 7' 
background corrected sample). This criterion was applie d 
by other authors in GCs studies (e.g.. lBassino et al1[200 6b). 
assuming that the radial distribution of GCs might be flat- 
ter in the very inner region of a galaxy (e.g., lElson et alJ 
Il998h . Finally, we correct the number of objects in each bin 
by its corresponding incompleteness, arriving at approxi- 
mately 210 GC candidates. We still need to calculate the 
number of GCs fainter than T\ = 24 mag. It is expected 
that an old GC population presents a gaussian luminos- 
ity function with a turn-over magnitude (TOM) i n the V- 
band of M TOM « -7.4 (e.g. Uordan et all 120071 : [Richtlerl 
l2003h at our adopted distance at an apparent magnitude 
of Ti w 24.4. The mean (V - R) colour of the GCS is not 
drastically different from 0.4, so that our limiting magni- 
tude marks roughly the TOM. This allows us to double the 
calculated number of GCs brighter than T\ — 24 mag to 




Fig. 7. 4' x 4' NGC 7507 colour map. North is up, East to 
the left. The colour palette represents the range 1.85 < (C — 
Ti) < 2.2 from blue to red (beyond a radius of about 1' the 
colours are not longer trustworthy). We interpret the redder 
parts (indicated with blue and green colours) as being due to 
dust, which has been detected before (|Temi et al.ll2004T ). 



obtain a total population of approximately 420 GC candi- 
dates. 



Our photometric model of NGC 7507 (|Salinas et alJ 

I2012T ) gives an absolute brightness of Mr = —22.64 (ex- 
tinction of 0.12 mag included) within 7' (47.25 kpc) or 
M v = -2 2 16 (adopting (V - R) = 0.6 from Prugniel & 
Heraudeau ll998h . With this brightness. Sat » 0.6. This 
value changes with adopted distance, however, it will stay 
far below what is known for elliptical galaxies in cluster 
environments, even adopting its closest estimate. 
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5. Discussion 

5.1. The total number of GCs and the environment 

The number of GCs around NGC 7507 is only about one 
tenth of the number of GCs one normally finds around 
cluster ellipticals of comparable magnitude (e.g. Brodie 
& Strader T200l iRichtlerl^oil T" 

Illustrative is the comparison with NGC 4636, an ellipti- 
cal giant galaxy in the outskirts of the Virgo cluster: while 
the stellar masses of t he galaxies are comp arable, NGC 4636 
has about 6000 GCs (|Dirsch et alj |2005). Since the galaxy 
density around NGC 4636 is not extremely high, this shows 
that the present-day environmental density is not a very 
strict parameter for determining the richness of a GCS. 

Still the literature i s not entirely clear i n this respect. 
In the compilation by ISpitler et al.l ([2008), the few iso- 
lated elliptical galaxie s indeed h a ve low SV-values, but 
in the recent work of ICho et al.l (|2012h on the GCSs of 
early- type galaxies in low-density environments, some ap- 
pear with higher SAT-values, NGC 1172 even with Sn = 
9.2±4.4. (however, we cannot reproduce this value with 
the da ta given in their paper) . The conclusion of ICho et al.l 
(|2012f ) that the host galaxy mass is the primary parameter 
in determining the properties of a GCS, cannot be backed- 
up with NGC 7507. We moreover remark tha t our Sn- 
value cannot be directly compared with those of ICho et al.l 
(|2012h . which are systematically too high with respect to 
our value. The use of the RC3-magnitudes for NGC 7507 
for brightness and colour would have meant an absolute 
brightness of My — —21.5, about 0.7 magnitudes fainter 
than the brightness of our photometric model. 

In addition, Cho et all (|2012h only use the density pa- 



rameter of lTullv (|l988h todefine a low-density environment. 
None of the Cho et al. galaxies appear in catalogues of iso 



Med ellipticals (e.g. ICollobert et al.ll2006l : lReda et alj r2004: 



ISmith et all 120041 : IStocke et all 120040 11 particular, NGC 
1172 appe ars as a membe r of the "NGC 1209 group" ac- 
cording to ISandagd (|l978h . 

5.2. Subpopulations and a possible starburst 

Bimodality is the normal concept for the substructure of 
the optical colour distribution of giant ellipticals. How- 
ever, it might disappear when using infrared colours fChies- 
Santos et al. 2012). I ts significance is u nder discussion (e.g. 
iRichtlerl 120061 . 120121 : lYoon et al.l [20061 ) due to the relation 
between colours and metallicities being unclear. Although 
we identify three subpopulations, the intermediate popula- 
tion has a special character in that it may have its origin 
in a starburst younger than the main population. Our blue 
population does have a bluer peak col our than known from 
giant ellipticals (iBassino et al.ll2006af ). 

If we consider the accretion of dwarf galaxies as the 
dominant proces s in the assembly of the metal-poor com- 
pone nt of GCSs (ICote et al.lll998i:lHilker et al.lll999l: Peng 
et al.]2008; Sc huberth et al.ll2010f ) there might be a straight - 
forward explanation. In a poor environment with less GC 
donators to accrete, we expect, according to the shape of 
the galaxy luminosity function, a bias toward faint and, 
therefore, metal-poor galaxies. As a consequence, the ac- 
creted GCs are also more metal-poor and the resulting 
colour peak may be bluer and the width of the Gaussian 
smaller. 



For radii larger than 1.5', no difference of the slopes be- 
tween red and blue clusters is discernable. However, blue 
clusters can be followed to larger radii than red clusters. 
For radii smaller than 1.5' there is a clear deficiency of blue 
GCs. This fits to a scenario in which the red (bona fide 
metal rich) clusters trace the formation of the bulge popu- 
lation, while the blue (bona fide metal-poor) clusters have 
mostly been accr eted through t he accretion of their former 
host galaxies (see lRichtler|[2012l for a recent account on the 
formation of globular cluster systems). This supports the 
general picture and adds confidence that the blue objects 
really are the old, metal-poor GC population. 

Even if spectroscopic confirmation must have the last 
word, the peak at (C — Ti)o ~ 1-4 seems to indicate a pop- 
ulation with a homogeneous age and/or metallicity. The 
natural origin would be a star burst, triggered by a close 
encounter, perhaps with NGC 7513, or a merger/infall of a 
gas-rich galaxy. Another example of a GCS showing peaks 
in the colour distributions related to starbursts is NGC 
1316, where the merger pr opertie s are obvious f Richtler 
et al. I2012T ). This is not the case in NGC 7507. where 
shells or tidal tails cannot be identified. Assigning an age 
to the peak colour, one must know the metallicity. At solar 
metallicity, the age would be about 2-3 Gyr. The existence 
of a significant field population of this age is not plausible, 
given the relatively red colour of the galaxy. More plausi- 
ble, therefore, is the hypothesis of a lower metallicity and 
higher age (see Fig|4]) . The infall of a gas- rich dwarf galaxy 
would be a valid scenario, which could also be responsible 
for th e amount of dust found in NGC 7507. iTemi et al.l 
(|2004f ) quotes a mass of 130 x 10 4 M Q (their two-component 
model), which is low compared with star-burst galaxies, but 
definitely shows the existence of dust and the possibility of 
internal reddening. 



5.3. Dark matter - GC connection 



An in teresting suggestion has been made by ISpitler et al.l 
(2008). From their compilation of dark halo masses and 
properties of GCSs, they found that "GCs formed in direct 
proportion to the halo mass". If we replace "formed" by 
"appeared" then we avoid the underlying suggestion that 
all GCs form in their respective host galaxies. An impor- 
tant perception of elliptical galaxy evolution is that since 
z=2, the stellar masses of elliptical galaxies in clusters have 
grown by a factor of abo ut 4 through accretion processes 
(|van Dokkum et aLll2010l ). Accretion in the ACDM context 
means accretion of galaxies, probably with a large mass 
range, including their GCSs and dark matter haloes. If 
the rich GCSs of central galaxies grow by accretion, it is 
plausible that in poor environments with less material to 
accrete, the GCSs ar e poor and the dark matter content 
is low. I Salinas et alj (|2012T ) has shown that the kinemat- 
ics of NGC 7507 can be explained without any requirement 
for dark matter. However, a small dark matter halo may 
be permitted under some radial anisotropy increasing out- 
wards. The stellar mass of NGC 7507 within 50 kpc is abou t 
2 x 10 n M^, adopting the model of ISalinas et all lj2012fl . 
Adopting iNiemi et al.l (|2010l ) as reference for the assignment 
of dark matter to stellar matter in ACDM simulations, one 
would expect a dark halo mass of the order 1O 13 M . This 
is clearly not supported by the data. A halo mass of about 
6 x 10 u Mq could be marginally accomodated. 
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We can evaluate how NGC 7507 fits in the relation be- 
tween total mass Mi$q (which is the sum of baryonic and 
dark mass within a volume with an average density of 180 
ti mes the background dens ity) and the mass in GCs, given 
bv lSpitler fc Forbes! ((20091 ): 

M 180 = 14125 x Macs 

Adopting 260 as the number of clusters and, following 
ISpitler k Forbes! ((2009) , 4 x 10 5 M as the average GC mass, 
we have 1.04 x 10 8 M Q as the total mass in GCs. There- 
fore, one expects 1.4 x 10 12 M Q as M 180 . Using 2 x 10 n M© 
(JlJ for the stellar mass, we see that the expected mass is 
higher by a factor of about 2 than the mass suggested by 
the observations. 



6. Summary and conclusions 

We investigated the globular cluster system of NGC 7507, 
a massive elliptical field galaxy. 

The globular cluster system of NGC 7507 is very poor, 
fitting more to a spiral galaxy than to a giant elliptical 
galaxy. For the specific frequency, we derive the extraor- 
dinarily low value of Sn =0.3, which is in line with other 
galaxies in low-density environments. The colour distri- 
bution shows the blue and red peak, commonly described 
by the term "bimodality" in the GCSs of elliptical galax- 
ies. The red peak has a similar colour to that found for 
the GCSs of other host galaxies. However, the blue peak 
has a colour somewhat bluer than normally found in richer 
cluster s ystems, agreeing with other studies of isolated el- 
lipticals (|Cho et al.ll2012T ). A further well-known feature is 
the shallower number density profile of the blue clusters. A 
peculiarity is a sharp peak at (C — T\) — 1.4, making up 
20% of the cluster population. 

We suggest the following interpretation: 
Due to its relatively isolated location, only a few accreted 
dwarf galaxies donated their GCSs to NGC 7507, limiting 
the metal-poor component. The peak at (C — Tl) = 1.4 is 
the signature of a starburst with an apriori unknown age. 
The most plausible hypothesis is the infall/merger of a gas- 
rich dwarf galaxy. This could have happened 7-8 Gyr ago 
and would be consistent with a younge r age, independentl y 
indicated by the low M/L^-ratio of 3 (|Salinas et al.l l2012). 

Furthermore, as the dark matter content of NGC 7507 
is low, one may see i t as a n example supporting the rela- 
tion of ISpitler etail ((2008), where GCs appear roughly in 
proportion to the dark halo mass. 
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Appendix A: Sagittarius dwarf galaxy tidal tail in 
the foreground of NGC 7507 

It is apparent that there is an unusual sequence in the CMD 
of point sources from the NGC 7507 field (Figure^, with 
Ti,o > 20.0 and 0.7 < (C - Ti) < 1.8. This feature is rem- 
iniscent of CMD sequences ascribed to both the Monoceros 




Fig. A.l. Colour distribution of the point sources in the 
background region, scaled down to the size of the galaxy field. 
The dashed lines indicate the mean colours of the three gaussians 
fitted to the GC colour distribution in Section |4. 2 1 (C — Ti)o = 
1.21, (C - Ti) = 1.42 and (C - Ti)o = 1-72, respectively. 



Ring, an apparently e xtra-Galactic ring of tidal debr is en- 
circling the Disc (e.g. IConn et all 120071 [20081. 12012D. and 



to de tections of the Sa gittarius (Sgr) dwarf (llbata et al 
1 1994 1 ) tidal stream (e.g. iMaiewski et al.lll999l ; lMateo et al 
1996). Furthermore, the latitude of this field is too high 
(b ~ —68), and has a magnitude range that is much too 
small, to be attributed to the Galactic disc, or any other 
known Galactic substructure. 

Interestingly, this field is located at (RA,dec) ~ 
(23^12™, -28°32"), a location well-placed to include stel- 
lar members of the tidal stream from the Sgr dwarf. The 
colour of the vertical component of the CMD sequence 
([C - Ti] - 0.7, Figure [2]) correlates well with the (V - I) 
colour of th e same part of the sequence (\V — Jl ~ 0.8: Ma- 
jewski et al. Il999l : Mateo et al.lll996D . assuming a metal- 
liticy of Z = 0.08 (c olour transformati ons derived followin g 
iBressan et al.|[2012l with corrections bv lGirardi et aLlfeOlOl ). 
Because of the obvious similarities between the CMD se- 
quence shown in Figure [2j the location of the field and the 
color of the sequence, we attribute this feature to a de- 
tection of the Sgr tidal stream in the foreground of NGC 
7507. Figure |A~T1 shows the colour distribution of the point 
sources from the background region, scaled down to the size 
of the galaxy field. According to the CMD shown in Figure 
[21 the bins with the highest counts are located in the colour 
range 0.7 < (C — Ti)o < 1. For larger colour values, redder 
bins present lower count values. The dashed lines indicate 
the mean colours of the three gaussians fitted to the GC 
colour distribution in Section 14.21 The counts in the range 
1 ^ (C - Ti) < 2.2 imply that the three peaks in the GC 
colour distribution would persist even if the contamination 
was increased by a 50 %. 

A comparison with recent results from Pan-STARRSl 
((Slater et al.ll2013h shows that the line-of-sight toward NGC 
7507 crosses the bright arm in the southern part of the Sgr 
stream. 

Note, the CMD sequence broadens toward dimmer mag- 
nitudes. Because photometry is intrinsically more uncer- 
tain at fainter magnitudes, this broadening is most likely 
due to uncertainties in the photometry, and, therefore, does 
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not reflect a stream with a large systemic distance spread 
between stellar stream members. 
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